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QUAIITEICLY PROCltESS JIEPOHT NO, 3 

CONTRACT NO. N h S  9-6649 

P R O P E L L A N T  JJEAKAGJ!: D-RTZCl' lON SYSTEM . 

This  r c p o r t  c o v c r s  thc per iod  f r o m  June 1 to  Augus t  31, 1967. 
1 

1 . 0  PROGRAM SCHEDULE 

The p r o g r a m  is on schedule  and  is shown i n  F i g u r e  1. 

2 . 0  GENERAL PROGRESS 

Dur ing  t h i s  r epor t ing  per iod ,  a des ign  rev iew meet ing w a s  held a t  NASA/MSC, 

Houston,  Texas .  P c r s o n s  in  a t tendance wcrc: C. Vaughn and D. Kendr ick  of 

NASA/MSC and R .  McGann, J .  ljisera and B. G e r r i t s c n  of Space labs ,  Inc .  

A r ev iew of the work  done by Spacelabs o n  the PLDS w a s  p resen ted .  

cat ion of the des ign  spec i f ica t ion  r ega rd ing  thc m a x i m u m  p r e s s u r e  d r o p  t o  be 

A c l a r i f i -  

i n t rodnccd  by the flow t r a n s d u c e r  r e su l t ed  in a des ign  goal  l imi t ing  the p r e s s u r e  

d r o p  to 1% of the lowes t  l ine p r e s s u r e  cxpcc ted  at m a x i m u m  flow. Th i s  would be 

1% of 100 ps i  o r  1 ps i  m a x i m u m  p r e s s u r e  d r o p  al lowable through the flow s e n s o r  

NASA/MSC was  quest ioned r e l a t ive  to s iz ing  of the s e n s o r s .  

r e q u i r e m e n t s  ca l l  f o r  de l ive ry  of two pro to types  to be in t eg ra t ed  with a 1 /2 "  

The spec i f ic  c o n t r a c t  

oxidizer  and  3 / 8 "  fue l  l i n e ,  whereas tlic s y s t e m  r c y u i r e m c n t s  call f o r  l ine s i z e s  

of 3/4"  f o r  the o-:idizer and 5 /8"  line s ize  fo r  the fue l ,  imniedia tc ly  d o w n s t r e a m  

e l e  c t r o ni c s with  va  r iou s t r a n s  duc r r s . 
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A poss ib i l i ty  Lxists to  isolatc, a l l  of the e l e c t r o n i c s  €rc>m the t r a n s d u c e r  but  is  

not d e s i r a b l e  s ince  any  l ead  lcngth f r o m  the t h e r m i s t o r  located i n  the flow s t r e a n i  

t o  thc  ( ~ l c c t r o n i c s  would in t roduce  proElc.iiis i n  compcnsat ing f o r  cnvi roninentk l  

changes .  

the t h c r m i s t o r s  a s  poss ib le  (enc losed  by dotted l i n e s  i n  F i g u r e  2 ) .  

A d c s i r a b l c  fcaturcx would be to place the h e a t e r  a m p l i f i e r s  a s  c lose  to  

No  port ion of the e l e c t r o n i c s  m a y  be  t i m e - s h a r e d  s ince  the S ta t emen t  of Work 

(Exhibi t  A )  under  S y s t e m s  Requ i remen t s  - RCS F a i l u r e  Modes to be Detec ted ,  

r e q u i r e s  t ha t  de tec t ion  of small  l e a k s  through the t h r u s t  c h a m b e r s  be mon i to red  

cont inuously.  The high flow leakage  warning s y s t e m  i s  a l s o  r e q u i r e d  to ope ra t e  

cont inuously.  Only tha t  por t ion  below the s t o r a g e  t anks  need nc t  be continuously 

mon i to rcd  f o r  l eakage .  

h e a t e r  should be l e f t  o n ,  which would r e q u i r e  t h a t  the h e a t e r  a m p l i f i e r s  not be 

commuta ted .  

e s p e c i a l l y  f o r  mon i to r ing  sma l l  l eaks .  

To e n s u r e  that  the r c s p o n s e  t i m e  be min imized ,  the 

A h e a t e r  a m p l i f i e r  f o r  e a c h  t r a n s d u c e r  i s  a d e s i r a b l e  f e a t u r e ,  

The m a j o r  e f fo r t  dur ing  the q u a r t e r  w a s  d i r e c t e d  to  evaluat ion of v a r i o u s  mechan ica l  

conf igura t ions  f o r  flow sens ing .  

s e n s o r s  ind ica ted  tha t  a t  the v e r y  low flow r a t e  (30 c c / h r ) ,  the fluid f l o ~ v  s > z m - d  

t o  follow a v e r y  r a n d o m  pa t t e rn ,  i. e . ,  not  a un i fo rm,  fully developed,  laminar 

A detai led eva lua t ion  of the t h r e e  probe  h c a k r  

f low.  

A flow p a t t e r n  s tudy w a s  conducted with a g l a s s  tube a r r a -ngemcn t  as  shown in  F i g u r e  

3 .  It w a s  found tha t  thc veloci ty  profile in  the tube w a s  n o t  fully developed at t h c  

low l eakage  ra tes ,  but appGai-c'd a s  a f i larncnt  flo\v. 

tcnip:raturc  w a s  changcd  the flo\v prefilv local  ion would shift a s  shown i n  F i g u r e  

3.  Th(. r c s i i l t  o f  t h i s  s t u d y  couplccl with thc da t a  obtained througl i  thc cvaluat ic~n 

of thc  t h rec  probe  h e a t e r  s e n s o r  systcrn l c d  to a re - inves t iga t ion  of a s ingle  hca tcd  

Wht~11 the inject ion a r e a  
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body using the cons tan t  t e m p c r a t u r e  (var iab lc  power)  technique to  i n c a s u r e  

flow. 

a h e a t z r - s c n s o r  and two s y s l c i n s  wcrc  eva lua ted .  

A sc l f -hea ted  t h e r m i s t o r  i n s c r t c d  in  a cy l indr ica l  shea th  w a s  used  as  

The two s y s t e m s  evaluated w e r e  

(a) C r o s s  -F low System - - Cyl indr ica l  shea th  pcrpcndicular  

to d i r ec t ion  of flow ( F i g u r e  4a). 

Coaxial  F low - -  Cylindrical  shea th  p a r a l l e l  t o  d i rec t ion  

of flow ( F i g u r e  4b). 

(b) 

The e l e c t r o n i c  s y s t e m  f o r  evaluat ion of both configurat ions is shown i n  F i g u r e  5.  

The r e s u l t s  (F igu re  6 to F i g u r e  9 )  show tha t  both the c ros s - f low and coaxia l  

f low configurat ions a r e  sui table  f o r  flow m e a s u r e m e n t .  

To d e t e r m i n e  the o p t i m u m  mechan ica l  configurat ion f o r  low flow m e a s u r e m e n t ,  

the r e s u l t s  of four  b a s i c  s y s t e m s  were  eva lua ted  f o r  sens i t iv i ty  t o  flow r a t e ,  

o r i en ta t ion ,  power r e q u i r e m e n t  and e l ec t ron ic  a r r a n g e m e n t .  

The s y s t e m s  eva lua ted  w e r e  

(a) C r o s s - F l o w  S y s t e m  ( F i g u r e  4a )  

(b) 

(c) 

(d) 

Coaxial  F low Sys tem ( F i g u r e  4b). 

Folded  F low P a t h  Sys t em ( F i g u r e  10 ) .  

T h r e c  P robc  Hea te r  Scnso r  ( F i g u r e  13).  

~ ) ~ i t p < 1 t  voltage cha.igc to  flow ra tc  i s  s h o w n  i n  F i g u r e s  6 ,  8 ,  11 and 15 .  The  

r e s u l t s  i- idicate tli,z! thc c:oss-flom sys t en i  and thc thrce probc heater  sensor 

s y s t e m  to be niost sensitive t o  f low.  A 540 n i j l l i v o l t  cliangc corrcxsponding to 

f l o w  ratc c h a n g e s  f r o m  0 c c / h r  to 600  cc / l i r  was  observccl for the c ros s - f low 

s y s t e m  and  a 480  ini l l ivol t  changc in  the t h r e e  pr(>bc h c a t c r  S C I I S O ~  s y s t  r1-1 f o r  an 

e q ~ i i v a l  cn t  flow r a t c  change.  
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An i1:dicaied flow rate v e r s u s  or ien ta t ion  with thz ac tua l  flDw r a t c  being a paramc-ter  

is  plotted in  F i g u r e s  7 ,  9 ,  1 2  and 16.  

i s  shown in  F i g u r e  17  with the actual  flow rate being 0 c c / h r .  

the c r o s s - f l o w  s y s t e m  to  be the leas t  s ens i t i ve  t o  or ien ta t ion  change of 0"  f 9 0 "  

with a m a x i m u m  indica ted  €low ra te  o f  1 5  c c / h r  at a n  ac tua l  flow r a t e  of 0 c c / h r .  

A compos i t e  plot €o r  thc o r i en ta t ion  e f f ec t s  

The r e s u l t s  indicatc  

- 

A c o m p a r i s o n  of the e l e c t r o n i c s  n e c e s s a r y  ( F i g u r e s  5 ,  10 and  14) to  m e a s u r e  flow 

indica te  the c r o s s - f l o w  and the coaxial  s y s t e m s  r e q u i r e  l e s s  components  and a r e  

s i m p l e r  to  f a b r i c a t e .  

r e q u i r e m e n t  f o r  both systems as  shown in  the b a r  g raph  (F igu re  18). 

The reduced  n u m b e r  of components  r e su l t s  i n  a lower  power 

The r e s u l t  of the eva lua t ion  of the four b a s i c  s y s t e m s  led to the dec i s ion  of us ing  

the c r o s s - f l o w  s y s t e m  to m e a s u r e  low flow r a t e s .  

The r e s u l t s  of a n  in i t i a l  a t t e m p t  to t e m p e r a t u r e  compensa te  the e x p e r i m e n t a l  

c r o s s - f l o w  s y s t e m  us ing  w a t e r  a s  fluid is  shown i n  F i g u r e  20  with the t e s t  s e tup  

shown i n  F i g u r e  19. 

21 .  

ind ica te  a l a r g e r  deviat ion at the low t e m p e r a t u r e  (4°C) than a t  the h ighe r  

t e m p e r a t u r e  (41°C) f r o m  a nominal  of 2 0 ° C .  

and  2 3  ind ica te  tha t  f o r  w a t e r ,  the change in  the fo rced  convect ion coeff ic ient  (h ) 

at 4°C i s  m u c h  g r e a t e r  than  at 41°C. 

system being  compensa tcd  a t  no flow r a t h e r  than a t  some fixed flow ratc,. 

A s c h e m a t i c  of thc compensa t ion  ne twork  is shown i n  F i g u r e  

The  s y s t e m  was  compensa ted  a t  a 0 c c / h r  flow r a t e  (hi = 0). The r e s u l t s  

A . c l o s e  examinat ion  of F i g u r e s  2 2  

f 

The l a r g c  deviat ion m a y  be a t t r i bu ted  to the 

Since all f luids  exhibit  d i f f e ren t  c h a r a c t e r i s t i c s  with t c i n p c r a t u r c ,  it i s  n c c c s s a r y  

t o  compci i sa te  thc f lov s c n s o r  system w i t h  thc acti ial  fluid being u s c d .  

o p e r a t i n g  condi t ions sliould t h C J 1  be siniidat<Jd as  much  a s  poss ib le .  

at jon ne twork  f o r  one conf igura t ion  wi l l  not n e c c s s a r i l y  be the s a m e  f o r  e a c h  

Expclctc,d 

The comg(.ns- 
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s y s t c n i  even though the s a m e  f luids  a r e  u s c d .  

be compznsa tcd  individual ly .  

I-Icnce, a l l  conf igura t ions  m u s t  

Invest igat ion f o r  a t c s t  faci l i ly  using the a c t u a l  fue ls  has been  in i t ia ted .  A bjd 

w a s  r ece ived  f r o m  Wiley L a b o r a t o r i e s  i n  the Los Angeles  a r e a .  A second 

a l t e r n a t i v e ,  u se  of a NASA fac i l i ty  ope ra t ed  by Rocketdync, is  being inves t iga ted  

by NASA. It is no t  ant ic ipated tha t  the propel lan t  t e s t s  can  be conducted a t  the 

p r e s e n t  Space labs  fac i l i ty  without ex tens ive  modificAciion. 

3 . 0  WORK TO BE P E R F O R M E D  DURING THE N E X T  REPORTING PERIOD 

(a) 

(b) 

Design one (1) dual  type c r o s s - f l o w  s z n s o r .  

Evalua te  one (1) prototype c r o s s - f l o w  s e n s o r  u t i l i z ing  

a ven tu r i .  

Continue evaluat ion of t e m p e r a t u r e  compcnsz t ion  

techniques  us ing  e x p e r i m e n t a l  c r o s s - f l o w  mode l .  

( c )  
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